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© Process of catalytic partial oxidation of natural Qaa In order to obtain synthesis oas and 
formaldehyde 



Process of catalytic penfa; cxJdasian or natural gas in order to cbtatn synthesis gas and formaldehyde, 
integrated with proce*sea of hydrogenction of the resulting CO. *uch ad FwhorTrop^ch and methane) 
syntheses. Such an oxidation is carried out by means of a catalyst constituted by ona or more compounds of 
metaia form Platinum Group, which given the shape of wire meshes, or is deposited on a carrier made from 
inorganic compounds, in such a way that the level of metal or metals from Platinum Group, as percent by 
weight te comprised within the range of from 0.1 to 20% of the total weight of catalyst and carrier, by operating 
at temperatures comprised within the ranQo of from 300 to 950 -C. und*r possums comprised within the rang* 
of from 0.5 to 50 Atm, at space velocities comprised within (he range of from 20,000 to 1.500,000 h" 1 . 
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formaldehyde: more parfcubriy, it relates to the products of synlhes* gas ^ FisS^-TroLS^r^S 

» "^^ic^rs; ** °™ cm * is eortai ~' * ? s,m °= ^ ~— »»• «*■ 

C n H m ♦ nH^O — > nCO * (m + n/2}Hj [1] 
H 2 G t CO — > CO2 * Hs [2] 

nnnl^Ji^f m8 reactant dotermlned by the temperature and pmssur* -ndlt^ 

SSS? " cwhd °^ 35 35 b > * wa«hB corf" formation 

a> C^H*, — > c + nv2 H» . [3] 
2CO — > c + COs [4] 

The commonly used catalysts in this process are based on Ni supported on At, Mg. SI oxide carrion 

I™ tni^r, d ' SP ^ W9h "^fcal strength characteristics The reactions take 

ptace nsKte tubu.ar readers contained inside a combustion chamber. The pressures inside the hibeVSe 
fypjcally cenipnNd w.Jh,n the range of from 1 to 5 MPa, and the temperature at tube outlets Is typically 
h, 0 ner than 850 'C (see. «.<,.. Catatysis Science and Tech„olo ay - Vol. 5. Chapter 1. J.R. fto^op-Selson, 
The «ay times of the gas streams inside the interior of the catalytic beds are of round five'seconds A lona 
l,^ " 9 <Wh,Ch ^ WrcdmaWly is-m long), which are totally fined J^SR . S 
gradients art?* m the gas mixture composition. 

The processes of non-eatelytic partial oxidation am less widely used and are employed In order to 
cot^rt matures of hydrocarbons, oxygen, steam and air into synthesis oas with H,/CO ratios of typically 
™ J,t ° m na, " r81 Qa& Tm prccoss chemisfr y <^ be represented by means of emotions 

3o [5] and [2] ^ 

C ft H m + nV2 02 nCO + rrV2 H* [5] 

The faciitties installed to dale by Texaco and sneli (see Hydrocarbon Processing; April 1980, p 88) are 
* prevxfed *>th anabatic factors in which the reactfon* are started inside the roaclor* by means of a burner 
in which the reactions of total combustion [6] of hydrocarbons 

C«H TO + (n + m/2)02 — > n CO? + nv2 H z O [$] 

^ mainly take place. 

These reactions produce large amount? of heat, steam and CO*. Heat causes cracking reactions 0 f 
unburnt hydrocarbons to take place, and favours tne reaction of steam- and Conforming [1], [7] 

nCO? + C n H m — > 2nCO ♦ m/2 H* [7] 

50 

The process temperatures are typically comprised within the range of from 1250 ta 1500 -C and 
pressure Is caused to range from 3 to 12 MPa. Tne process requires very short stay times of the 
ro^an^roduct mixture inside the reactor (of ebeut 0.5 seconds). As in the reactant rnixturo* ratios of 
55 mS^StoS! 6 Wh,Ch n0rmaUy (arser ^ 06 (by VO|/VO| >- the produced syn gas contains large 

Tne autothermal reforming processes are carried out insid adiab tic r actors to which mixtures of 
hydrocarbon*, oxygon and eteam are fed: atao in th* caae. Iho 0;:Chu ratios are larger than the 
stoichiometnc value of 0.5. In a first reaction rone, by means of a burner the total combustion reaction* of 
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nyarocaroons [6J ar started, in a second reaction zone, inside a catalytic bed the steam m and co» 

forming [7] roscHpn* take place. In the catalytic bod. catalyst* arc used *hich display slmL rdJf™£ 

SShSfStT ^ F ™ «*^^tSySSS 

mnrtures are obtamed with intermediate H,:CO ratios between those found in syn oas from steam rafomS^ 
s and noo-cata»ytlc parte) oxloallon. respectively. The reactor outlet temperature Is ^cXcSsed^S 
^r* 0 .?' J™ OOO to lOOO-C. but the temporal Inalde ma Join J££E TZSTEEZ 
considerably hrflher. The .nlemal reactor pressure is comprised within the ranee of from 2 to ,4 MpTtkI 
stay times inside the catalytic bed are ol mund 0.7 seconds mm. i na 

Synthesis gas ,s mainly used in F-T syntheses in order to obtain hydrocarbon blends, in melhanol 
to synthesis, in ammonia synthesis. www 

F-T processes have been mainly realized by Sasol In Souih Africa and use synthesis oae produced 
from coal by means of a coal gasification and methane reforming process. The investment costs for the 
SasoifacM.bes are subdivided as fo..ows (see M.E. Dry 'The H 3 char-Tro P sch synthesis - Commercial 
aspects" Catal. Today, 1900, 6, 163): ^ 
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- coal mining, steam Oz producticr: 

- synthesis gas production 

- F-T synthesis 



47% 
23% 
30% 



As one may see, the coal mining and conversion costs and the syn gas production costs constitute 
approximately 70% of total process costs and producing tuels from coal is economically feasible h one has 
available coal at much lower costs than of petroleum. The syn gas mixtures obtained from Sasol process* 
contain Ha;CO ratio* comprised within the range of from 1.7 to 2, 
36 F-T synthesis mainly produce hydrocarbons according to equation [B] 

2nH? + nCO — > CnH* n * nH*0 [8] 

in reality. F-T synthesis is a process of jwlymerteatfon of & units in which saturated and unsaturated 
30 straight ana branchec-cnain Hydrocarbons are produced. * 
In general, the presently available technologies of hydrogenatlon ot carbon monoxide downstream from 
he steam reforming, autothermai reforming, partial oxidation processes require that methane levels are 
lower than 5%. The reactions of hydrogentaion of carbon monoxide with mixtures of pure CO and H* 
display lower conversion rates than 70%. Low levels of methane in synthesis gas are necessary in order to 
os Increase the partial pressures of CO and H ? and prevent kinetic and thermodynamic constraints from 
causing the conversion rates, experienced in CO hydrogenation reactions, to decrease. A decrease in 
conversion rate implies an increase in the amounts of reactants to be recycled and CH* accumulate 
during the recycles. 

Owing to these reasons, the target Is values or methane conversion rate higher than 85%. Since 1905, 
40 processes for the synthesis of diesel fuels from natural gas have been developed, which are based on an' 
intermediate syn gas production, a F-T synthesis of long-chain hydrocarbons, and a hydrocracking of the 
farter. In this case too, the step of syn gas production contributes for approximately 60% to total production 
costs. 

Also in conventions! methanol production processes, at temperatures comprised within the rsnge ct 
as from 220 to 300 * C, the syn gas production costs contribute with similar percent amounls. 

Therefore, in F-T syntheses and in methanol syntheses by means of the conventional routes synthesis 
gas mixtures are use which contain negligible levels of methane in order to prevent ihat a decrease in H* 
and CO partial pressure may cause both e decrease in reaction rotes end consequently in conversion rates 
per pass, and methane accumulating in the recycled gas to the synthesis step. 

On the contrary, the methanol syntheses with high conversion rates per passage, operating at low 
temperatures, are capable of converting approximately 90% of synthesis gas into methanol even in the 
presence of large amounts of inert gssos. However, in this coeo, CO? end H 2 C impurities ere not tolerated 
in the roactant mixtures. 

This process was mainly studied by Shell (EP-285 223; EP-287 151; EP-289 067- EP-306 1 13* EP-3Q6 
114: EP-309 047; EP-317 035). Brookhaven National Laboratories (US-4 935 395; US-4 614 749; US-4 623 
634; US-4 613 023). Mitsui (JP-B1/169 S34; JP-e2<'128 e42), Sintef (WO80/319D). Snamprogettl'dT 20 028 
A.B8: IT 23,101 A/88: IT 23,102 A/88: IT 22 352 A/&9; BP 357 0T1, EP-504 981) 
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,r ™ ^ K ** U99d h syntheses contain nickel [Ni(C0K/MeONa] 0 r wooer 

CuCl^oONa copper cbrorwte/MeONa) and tne syntheses are carried out in slurry reacVo^e reS 

. "X? 1 ^ *? from 5 to 50 ami. Under these conditions, conversion rates of round 90% and 

"T^V "ftf" ^ ** ob,,,,n * * U8in 8 C0 «* * (rift »:C0 ratios TftJSK 

I?-I2l J"? . m . 0,0CU,es 88 nltr °S° n m9man * (Wcaiiy, reactions were studiodin S 
the inerts levels were of approximately 40%). wniwn 

Also the syntheses ol methanol-dimethyl ether mixtures can be carried out with Nob values of 

converse per pass, because Ihe formation of dimethyl ether with consequent methanol shift favours the 
n obta.nrr.ont of total conversions of COfH, mixture [j. Bogild Hansen. F. Joensen - Stud. Surf Sc Catal 81 

(1891). 457]. Therefore, also In <hte oaeo. fee reaction can be carried out in ,h 0 prefect s7ch * 

gas as non-converted methanol. 

ft haj no* been found a process of catalytic partial oxidation (CPO) of natural gas to yf 0 | d synthesis 

gas. using a noble metal containing catalyst, carried out at ultra high space velocity <UHSV). at considerattv 
" .^Tu tem P 0raturo * J"" "» Pr»w«tty wed end with even pertfoaarly lew Ch.C end HjO-.CH* molar ratios 

which Process can be strongly integrate with processes of carbon monoxide hydnQ***^ ~~w „ ' 

syntheses and methanol or metfcancWirnethyi ether mixtures synteses. 

r^rmawehy^e is a byproduct from the present process and is separated before using syn gas when 

formed .n rolatfvoty largo amounts, o.g., In largar amounta than about 3?fc by weight. 
» The Possibility of operating at higher space velocities f .600.000 > GHSV > 20.000 h~<) then hae 

pt asentty tjsed (GHSV < 10,000 h"») makes it possible small size reactors to be used, thus allowing savings 

to be accomplished in Investment costs. The possibility of operating with reactant streams with- molar ratios 

of OjtCH* < 0.5 (by wlrvol), mokes it possible the energy consumptions and the investment costs for 

oxygen production units, to be decreased. 

* < e J3l 9 K-'? Ce$S9S * C8t3lytic DarUaI «W»tton of methane {121 carried out at lower space velocities than 
15 coo h , can be described as the sum of total hydrocarbon combustion (9] and steam and C02 

reforming reactions [10J-f.11] 



o 



CHx + 2 0 2 > CCb + Z HjO [9J 

COa ♦ cHi — > 2CO *2H 2 [10] 

rfeO + CH. — > CO + 3 HzO [11] 

CH» * 1,2 O; — > CO ♦ Z Ha [12] 

At tower temperatures than 600 'C. the total oxydation reaction [9]. strongly exothermic, is considerably 
favoured, whilst the steam and CO7 reforming reections [10HHJ, strongly endothermte. are unfavoured On 
tne conirary, at higner temperatures than 750' C, both these latter reactions are capable of converting CO, 

3ind HjO inlo synthesis gas* * 

The catalysts used in the CPO step according to the present invention makes it possible the reactions 
to be carried out with Oa:GH» ratios tower than 0.5 also in the absence of steam, under conditions which at 
present can not be used with the catalysts known from the prior art. owing to the coal formation reactions 
Ol^and (4J. The synthesis gas produced under these conditions may contain even large amounts (of up to 
50%) of unreacted melhane and can be used in synthesis reactions with high conversion rate values per 
pass. 

The influence of the high value of apace velocity is reported in published studies by OA Hickman and 
L.D. Schmiat <3cience 1093. 239. 343). whicn made experiments at higher temperatures wan i00O*c wim 
rhedjum-based catalyst*, and by V.R Choocad. A.S. Mamman, S.D. Sansaro (Angew. Chem. int. Ed. Engl- 
I™ ~J 189 *' wWch P erformed experimental tests at temperatures comprised within the range of from 
300 to 300- c. with catalysts not constituted by noble metals (Fe. Co. Ni). The experimental tests disclosed 
in me present patent application are anyway ailferent from those reported in published papers The above 
/kuthofs usad d.fforont catalysts from thooo wo studied, and consequently ware unable to operate with 

I at "u S < 0-5 <by v0lM>l) h ord9r to avo,d me 0031 taxation reactions [3J. [4] and did not obtain 
HCHO; furthermore, the CPO process according to the present invention enabl s synthesis gas to be 
produced under UHSV conditions even in the presence of large amounts ol COj. The possibility of using 
CO, .n the reactant mixture makes it possible considerable advantages to ba gained whenever syn gas 
mixtures with ffetCO ratios lower than 2 (by vol/Vol) must be obtained. Such low values of said ratio are 
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At the high space velocity values used in the CPO process aeeordino to the dtmmi ^ » * • 
The syn gas production reactions are thought to be reprosentabto as follows: 



* CH« * 0 2 > C0 ? » H7O > CO ♦ H 2 

I T 

I CO -v Hi ' 



so 
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*i«i^5? ! Presently current otfnions. people think that under hl D h space velocity conditions tho 
pnmary products from oxidation reactions CO and Hz may be obtained which a* ^hen ^T^tZ 
from catahrst surface before reacting to form the sectary reaction^oducu ^ remov9d 

^s toJSZJZTZ? fT" ° Xidafcn of n * ,ural - order to obtain synthesis gas and 

JTS*^' 2° ** ! b,eCt ° f PreSflnt lnventen - b Characterized in that such ,n oxidation 2 carr^d 
« nZ™^ ' C ?' ySt ^^^^ b * c ™ or ™r* compounds of metals from PlaZm cToI^S 
UyV^ZlrZ TT S \ ^ ** 0 " 3 C3rfer mad9 f ™ inorganic cem^SntS 

ran- > oft£ > n iT JT * Z^"" 8 from PteB0,jm * wight, comprised within the 

so ^if, ' Pmtefab,y 0f *»» 01 «o 5% of the total weight of cetal^rt and carrier, by 

^Tr 9 ^L «Hthf" the range of from 300 to 950 -C. preferably of frwTssb to 

850 -C, under pressures comprised wtthin the range of from 0.5 to 50 atm. preferably of from 1 to 40*nV 

r-^Uf »lf 8d C , a L aly3t3 . are particula ' , y activo 8 s Wds the CPO reactions, and are particularly inert as 
n^ards thecoal format™ reactions [3], [4] and are even capable of working with C^:ClVr^towertt^ 

of ^^wTLan h n<T-7Z ,C r£ C ° 3 ?T* untte '9° ,n 9 deactivation, m those cases when the ratio 
obtained. ' ****™ hiflh contonts «* methane will be 

CP ° reac1tens ^ by using reactants mixtures with ratios of Oz/CH* = 065 rov 
than ™ CT^ten, ,e3Ving SlmamS can 66 reduced ^ to >*ve* .hich m?y even be .owS 

nellnTw ™ m8n !| 0ned - CP0 cate, V s,s ara contain metals from Platonum Group, in 

peitet torm. prepared according to procedures disclosed in patent literature (UK Patent No 2 240 284 UK 

T7*?£™'Z' M T K 00 ! 953, UK PUbK N0 " 22?42S4) - C?0 Sep „o?.e ^s 

r n lnt a^" ^ U '^ h,eh r *"»«■ to ,hos » « * <** ■** Production, but wilh a higher Rh 
SSL? • ^ r 9 '^ ° r> SW - enblOC cata, y sts - Particular in the latter case, in the present patent 
kT ^ . m9lhod f0f pre ' )arin 0 ertb,oc catalysis is disclosed, which makes H possible the noble 

222, * , ? V P0S ' ,ed *"* 9 h ' 9h <^i5POfSte ' , deer6fl - 0nt0 "* surfac8 °' «» mc " 0 «*ic body, by 
t ! a ; L or9aft,c so,t,t,on «* organornetatlta Rh, R U( If clus.ers. The metals get «xeo on the 
,r ?°" 6mh,c ^ ,hrou 9 h * "oWJIUuld reaction betw^n th. reactiva curface aites and «h, 

Sh.r^f^! ,C ^ t*'*' Wh '' Ch ' h8n Und * ,9 ° *«WBon. ««« monoatomic species in an extremely 
highly dispersed state ere produced. This procedure is substantially different from the impregnation 
proems, oecause mo noble me.al content which is fixed onto the earner is determined by the number 01 
active sites present on ttie surface of the latter. 

^X^IXr^T^ *' inteBrated '° r ™ han °' W -othanol-dimethyl 

The integrated process tor methanol synthesis from synthesis gas sssontlally consists in causing the 
synthe«, S gas cotain^ by maana ol the procwa di,clo 3 cd hareinabova. oftar m . pro : ;rn)04ry 
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m ™ 8 ' nl ^^. prOCOSS *• ***»•«« o» methanel-dimethyl othor hMm. consists In causing the 
mixture of synthase gas and methane, obtained as disclosed hereinabove alter the tn£L*JZ^2l£? 
separation of any possibly formed formaldehyde, to react In the presence^ >c^£5tt£2l 
methanol and of converting the so produced methanol into dimethTeSer SoSi^etSfT 8 
re higher .Hon ISO-C and low*, than 400-C end under . p^oro 

The integrated process for F-T syntheses from synthesis gas essentially consists in causlno the 

,f so dea,red. of any poesftly termed formaldehyde, to react, by operating, in the praaaneTof Ts^S 
cata^st at a temperature higher than 200 and lower than 400-C and fender a higher , S 

conve^c^p^pSfr^ B * h " * Pro8Wt » ^ ^ » «** 

The considerable reduce* in costs which can be accomplished In the syn gas production Dracoes 

SSSd ^ ^ C0nt3inin9 hi9h9r IW6 ' 8 man 5% b * ^eHobe 

m the accompanying figure* 1. 2 and 3 the above mentioned Integrated processes are schemaBcally 



rs 



so 



shown. 



» svn L^IIh^ 8Ch * mS * } » s ^ 01 P^ess for F-T syntheses from natural gas via 

» syn gas obtained by means of the process according to the present invention. 

gas takes place, with synthesis gas and formaldehyde being obtained. 

F-T SnthesSSTft pi^ * 3ynthM '' 3 fl8SM ^ wWch ar ° ^ to ^or (10) in which the 

30 k H The -!l" Ue0t PnXhx: ' 15 60,11 10 a separation unit (12) trom which a stream (13) containing 
^Tr^T" ^ I °* Z° r ° *™ 2 - Cwbon St ° mS - ^ «* " containing Athene enl 

hydrocarbons wrth 2, or less than 2. carbon atoms are obtained. With the latter being recycted to reactor 

ki Figure 2 the schematic Is displayed of mo integrated process lor the synthesis of methanol or of 
as methanol-dlmothyl ether mixtures from natural gas via ayn gas. 

« a « !Sf , fla3 °? g * n (2) "* fed to reactor 0> >" * Nch catalytic partial oxidation of natural 

gas takes place, with synthesis gas and formaldehyde being obtained. 

Formaldehyde (4) can be separated from synthesis gases (5) which are fed to reactor (20) in which the 
syntheses of methanol or of methanot-dlmethyl ether mixtures takes place. 
<0 The leaving product <2l) is sent to a separation unit (22) from which a stream (23) containing methanol 
and oxygen-containing products: and a stream (24). containing methane and hydrocarbons with 2 or less 
wan 2. carbon atoms are obtained, with the latter being recycled to reactor (3). 

in Ffgure 3, tfte schematic is shown ol the integrated process tor methanol synthesis under hicn 
conversions-rate-per pass conditions, from natural gas via syn gas. 
<s Natural gas (1) and oxygen <2) are led to the reactor (?) in which the catalytic partial oxidation of natural 
gas takes place, with synthesis gas and formaldehyde being obtained 

Formaldehyde (4) can be separated from synthesis gases (5) wnicn. after being separated in (6) trom 
CO, and H,o (7). are fed to reactor (30) in which the methanol synthesis takes placo. 

The effluent product (31) is sent to a separation unit (32), from which a stream (33) essentially 
conta.mng methanol; and a stream (34) containing methane - which is recycled to reactor (3) - are 



50 



55 



The cheapness of these processes ia favoured by tho possibility of separating from the end reaction 
products, and roc/cling to CPO unit, any unroacted light (C. and C) hydrocarbons 

in greater detail, the integrated process for synthesis gas production and use may employ in CPO unit 
mixtures of natural gas and oxyg n or enriched air with molar ratios of Qj/CH. which may oven be lower 

Z LZT 8b "° C * °' 3Wam - ^ CP ° pfOCM3 *«crdi n 9 to the pro^nt invention can also use. 

under UHSV conditions (ultra-high soaca velocity). CHWCVCO, mixtures not containing steam The process 
cond.t.ons are such that oxygen will be totally converted in the syn gas production unit, whilst meaningful 
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mothanal and/or dimethyl ottidf (DME) and/or hydrocarbons. symneusng 

u ^ a !^lL n S 9,BU0rt Slr °^ S Prep^rton unit, la*,. a™ u „i 9 of 

unreected methane, the latter remains as an inert substance during tha subsequent steo of svnthcrt* Z 
hydrocamons and/or wygen con.ain.ng products, is mere m^ZpJSSTSm ^h£j7£££ 
>o products and is rccyclod to tho CPO unit neavier reaction 

These results are very difficult to reach under hi 8 h pressure conditions; on the comrary, it has 

vanabons ,n setedrvrty rates can be obtained under soperatmospheric pressure. If the SLrt 
gM under uhsv condition, b dad.cated to metnano. synthesis With high values Scon^rU 
rate per passage reaction conditions wilt be used m which a» oxygon is consumed «n?cV2T£S 
present In synthesis gas will be removed before the hytfogenaflon step * 
The results obtained from the experimental i&sris disclosed In the following examples show that <t» 

carbon dtoxtde being prcduced as .ntermedlete product, by reaction mj within a wide range of experimental 
S*! 0 * V 8 ^ hHJh Convefslcn ™* $ <^ be obtained under tew temperature and Won space 
velocity condfcons. because reaction [12] Is very fast and is ttiermodinamically favoured within a Wide 
temp^turerange (b equilibrium constant is of round 10* within a lemperature range- of from 25 to 
S So^r! T^™"*" '! °~ ,<w " d unfavoured at tuwar temperatures 

STrH r^w-?I' ?' rt Sy ^ eSiS 5 aS f iCh 3re at tew temperatures when mixture 

of CH» and Oi wrth rates of 0,:CH* < 0.5 (by voWol) are used, render particularly advantageous the 
reactions of methanol or methanoHSmethyl ether mixtures production carried out by means of Ihe hSb 
converslon-rate-per-paas processes. 

Some examples are now supplied In order to better illustrate the invention it befog anyway understood 
that the invention is not limited to them, or by them. 

TO 

EXAMPLE I 

The CPO reactions and methanol synthesis at high values of conversion rate per pass from toe 
resulting mixtures of synthesis gas and methane were can-ted out inside two reactors, at a procure of 1.5 

as MPa, 

In reactor "A* the CPO reactions wt»e carried out at a tamparatur* of 750 and with a GH$V yalu© of 
300.000 h~ ! . The stream of hot gases leaving the first reactor at the* temperature of 750- C is cooled by 
meana of a coil inside which a water stream flows and is sent (after removing small amounts of steam and 
CO* produced during CPO synthesis) to reactor ^ Kept at the temperature of 100 • C, in wNcrt methanol 
40 synthesis takes place. 

The mixture of reaction products was analyzed both at first reactor outlet, and at second reactor outlet 
in both cases by gas chromatography. 
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The reactor inside *hich me CPO reactions are carried out is constituted by a ceramic alumina tube 
surrounded by a stwl cylinder The alumina tuba cecorea tha comical Inarms of the reactor walb end 
the steel lube constitutes the strong body which enables the experimental tests to be carried out at higher 
than atmospheric pressures. 

Tha reaction gas, constituted by CH* and 0 2 (O-^CH* - 0.2:0.8 by vol/vol), flows through the catalytic 
bad (A) containing 0.S a of an Rh- and Ru baaed catalyst, with a contact tirna of io~= seconds (GHSV 
300,000 h~ 

The noble metals were deposited on a carrier constituted by silica-grafted alpha-alumina Rh and Ru 
constrtuta 0.5% and 1%. respectively, by weight, of the material. The carrier (silica-grafted alumina) was 
prepared by moana of condensation regions between the reactive groups on alumina surlace and 
lotraothyl silicate (TES). followed by hydrolysis and calcination. The ncblo metals wore rfopositod by using 
hydrocarbonaceous solutions of Rru(C0)i Z and Ru*(C0),2. according to such procedures as disclosed in 
ss UK Patent No. 2 240 284, UK Publ. No. 2247465. IT-MI92 A 001953. UK Publ. No 22742B4 

The mixture of pioducta obtained from me CPO step nters a slurry reactor "B" for methanol synthesis 
Tho catalytic system In the slurry reactor was prepare* by using CuCl end MeONa ea pracuraora by 
operating according to the procedures disclosed in eP-37$.07l. The copper salt and the alkali m tal 
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WTJZZ^T^^I " itro9en "T 0 ^ ***** was then added 

Lkoxyd* rS?I ;ZL a ^ pnWOnce °' "a" 13 ™' W mmpl) . The motor concentration of 

awxyoe was Kept at round 2 M, the concentration of coo oar sail iu n,.,v., ,u _ . 

start-up, the reactor ia praaaur^d and conditioned at ^^Zl^oT^Z^O -^ 

re^ed ' * C0mpO8W ° r * *• both Action step.™ 

The conversion rate of synthesis gas in methanol synthesis step is of 90% and selecth/ih/ m 

EXAMPLE 2 



f5 



?5 
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Jo this ca3«. the synthesis cas production passage was cameo out at 1.5 MPa in the reactor -A- *t ih* 

S^T.) 0 '^ n C ed M meZr^ C8ta,ySt *T ^ * - ^ (£hS^ 

h*™ SJ !T 2!? ox y9 QO ^ a mutual ratio of = 0.29*71 The steo or 

Sr^^l: in P««™«> of unreacted methane was c^oS 

by ca^ng the .reacted stream to flow through the slurry reactor at 1.0 MPa and at a temperature of85- C 

The monolith* oately* was obtained by dtpplag ™ enbtoc afumina body into an aCn^ hyTroSe 
solution. A layer of hydroxide coats the enbloc body and. after drying anTcalcination TcoTerteJ^to a 
poroushydrox.de byer. AflorWa treatment the surface area' of Se monollS TSdy «SST?5?ii 

£12! E*" '° pertinont * a -wastxoatng- pries?) The 

monolith* body *>*s soaked in a hydroc^neceoua solution of Rh.(CO), 2 and h!(CO)Z mexanT 

™«f mlS^Ta ~ yie,d,n8 to 0031109 ****** the monolithic body with a monolayer 

£5?* ™ S£ iTSTijr pertormin9 quanrrt8Uv * ana,ysl5 01 11,0 resoHin9 con * en * 

^L 0 ™* ( ^.' n ' no,) ** 90 ml 01 anfeote - ™° wperimentsyero carried out 
^ZVjvZ^T Procedures as disclosed In above Example 1; the obtained results am 

^The syn gas conversion in methanol synthesis step was of 92% and the selectivity to methanol was of 
as EXAMPLE 3 

~ J?* T?^i' 8a i >fC 5 WOtten TO3Cti0ns wem carried out In reactor "A" over a catalytic bed under a 

aynmos.s gas, contam.ng more than 10% of unreacted methane, was used tn a second reactor (8) to 
ao perform F-T reactions of hydrocarbon synlhasls. The pressure Inside raactor »B" wa* kept at 3 MPa the 
temperature at 300 *C. 

In CPO synthesis a monolithic catalyst was used which was prepared according to the same procedure 
as disclosed in Example a. The catalyst tor f-t synthesis was prepared oy means of successive 
.mprognadons up to Incipient wetnets, of a gamma-alumina (surface area 150 m*g). The Aral impregnation 
4S was earned out with an aqueous solution of cobalt nitrate. After drying at 1t5'C. the catalyst was submitted 
to a second .mpregnation with an aqueous solution of ruthenium nitrate and then was submitted to a second 
drying procedure. A third impregnation step was carried out with an aqueous solution ol potassium 
carbonete. After a lurthcr drying, the catalyst was calcined up to 3S0'C. The ond cotaiyst contained 181<. 
cooart 23% futnenJum. 1% potassium. The catalytic test was preceded by a tnermai reduction treatment at 
„ ' ^ wh,ch * h,OU9h raactors " A " and " B " 3 9" stream containing 25% hydrogen was 

flown, jha compositions of the reaction mixtures and of the products from both reaction step are reported in 
Table 3. 
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EXAMPLE 4 

The same procedures as disclosed in Example 3 were repeated by using the same catalyst for tre 
O reacbons and. respectively, thd came catalyst for F-T synthesis reactions *~ 



• WIJCT ^.www,^ as oiscweo m txampie 3 were repeated by using 
CPO reactions and. respectively, thd came catalyst for F-T synthosis reactions; 
mixture of methan and oxygen fed to the CPO reactor vr inlet contained a rai 



howevor, in this caao trie 
ratio ot 0-:CH 4 = 0.S5. The 
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results obtained are reported in Table 4. 
examples >r 



_ 05 * f 0 078 mm °' diamotor. Inasmuch aa rhodium proved to bo oarticularlv aefh* Z^-pA 

sirtace. by e^ochemlcal way. a ,ayer of rhodium metal, from an aqueous so^frhooK?! X 
esuWng material proved to do actrvo in CPO reactions c*rt*J out under UHSV^dWc^S sSvS 
for CO and H* higher ««, «% undar the earn* react™ conditions as oisctosed^ Xi» l3 
a lower selectivity to formaldehyde. In fcllowi^ Tables 5. 6 and 7. the re^u^o wh Lh' r2!T, 
the first reaction stop in which mo ayntheaia gas mixtures are obtained ^ to 



k .. II?'* ^ dUrin ° ** fir5t 1,888 01 9** production, the aamo catalysis as of Bramote 2 warn u*** 
«:^l^ir^ nin9 * whoreaa.^Tt^^ Cc^Tl 

2S %£ffiSZ£^! m 7ZL ™ uwd - *» ^ 8 CPO ^ lowing procSs^dTttco; 

ZZ^^Z^ ' r0aCtOrCUt,otT = 750-a In tho F^T syntha** roactor. the 

^dinTaS^ UW<,: QHSV = 1500 b "' P " 3 ^ T »' 0. The rasuite obtaS Z 







Table t 




OPC INLET (Molar fraction*) 


OPC OUTLET (Molar fractions) 


MeOM OUTLET (Molar fractions) 


02 

Hz 

CO 

HCHO 

CHjCH 

Czox* 

DME 
MF 


0.BCO 
0.200 


0.2SO 

0.460 
0240 

0.05O 


0-330 

0,087 
0.032 

0.553 
0.004 
0.001 
0.007 


(DMe - 


dfmetnyi erner, MF = metnyl format©) 





Table 7 
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CK 

Cfe 

Hz 

CO 

HCHO 

CH 3 OH 

C2OX + 

DME 

MF 



OPC INLET (IWolar fractions) 



0.710 

029 



OPC OUTLET (Molar fractions) 



0,077 

0.562 
0.281 
0-060 



MeOH OUTLET (Molar fractions) 



0.100 

0.111 
0.054 

0.627 
0,004 
0.002 
0.012 
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Table 3 





OPC 1NL£T (Molar fractions) 


OPC OUTLET (Molar fractions) 


F-T OUTLET (Molar fractions) 


Q> 

H* 

CO 

HCHO 

COi 

Ci + 


0.710 
0.290 


0.075 

0.570 
0.285 
0.070 


0.117 

0.394 
0-224 

0.207 
0.058 


Table 4 

i ■ 




OPC INLET (Molar fractions) 


OPC OUTLET (Molar fractions) 


F-T OUTLET (Molar fractions) 


CHi 

o* 

H* 

CO 

HCHO 

CO* 

HjO 

C* + 


0.666 
0434 

*~+ 

M 


0.015 

0.590 
0.290 
0.080 
0.010 
0.019 


0.013 

0*394 , 
0224 

0.006 
0215 
0.050 



* TabteS 





OPC INLET (Molar fractions) 


OPC OUTLET (Motor fractions) 


CH* 


0.800 


0550 


Oi 


0*200 




H* 




0.240 


CO 




0.490 


HCHO 




0.030 


CO? 






H*Q 






Table 6 




OPC INLET (Mplar fractions) 


OPC OUTLET (Molar fractions) 




0.710 


0.075 


O7 


0.290 




Hz 




0.295 


CO 




0.590 


HCHO 




0.040 


CO? 






H 3 0 
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OPC INLET (Molar fraction*) 


OPC OUTLET (Molar fractions) 


CHi 


0.666 


0.001 


0, 


0.334 




Ht 




0-300 


CO 




0300 


MCHO 




0.080 


CO, 




0.009 


H*0 




0.01 0 



Table 8 



CH 4 

CO 
HCHO 



OPC INLET (Motor fraction*) 1 OPC OUTLET frfrfer iractfoos) 



0.500 
0.250 



0.250 



0.031 

0.4*5 
0303 
0.030 
0.106 

0.045 



F-T OUTLET (Molar fractions) 



0.109 
0.106 

o.tep 

0.137 
0,374 
0.C84 



Claims 



1. Process of catalytic portal oxidation of natural gas in order to obtain synthesis 939 end forrnaidheyde, 
charactered rn thai such an oxfdatton is carried out by moans of a catalyst constituted by on* or mora 
compounds of metals from Platinum Group, which Is ghren the shape of a wire mesh, or te deposited 
cn a carrtor made from Inorganic compounds, in such a way that the level or metal or metals from 
Platinum Group, by weight. I* comprised within the range of from 0.1 10 20% of the total weight of 
catalyst and carrier, by operating at temperatures comprised within the range of from 300 to 950* C 
under pressures comprised within the range of from 0-5 to 50 atm, at space velocities comprised within' 
the range Of from 20.000 to 1.500.000 fr\ 

2. Process according to claim 1 , In which the temperatures are comprised within the range of from 500 to 
850 *C, the pressures within the range of from 1 to 40 atm and the space velocities within the range of 
from 100.000 to 608,000 h~\ 

3- Process according to claim 1, in which the percent by weight of metal or metals from Platinum Group is 
comprised with/m the range of from 0.1 to 5% by weight, based on total catalyst and carrier weight. 

4- Process according 10 claim 1. In which the meters from Piailnum Group are selected from rhodium, 
ruthenium and iridium. 



I Process according to one of claims from 1 to 4 in which the molar ratio of O z :CH* is lower than 0.5. 

Process for the synthesis of methanol from ayntheeie gas, consisting in causing the synthesis 93c 
obtained by means of the orocoss according lo one of claims from l to 5. after the preliminary possible 
separation of formed formaldehyde, to react, by means of a suitable catalyst, by operating in the case 
of th high-conversion-per-pass syntheses, after additionally separating COj and HjO from said 
synthesis gas, at a temperature which ia higher than 40 *C end lower than 200 *C ond undor e higher 
pressure than 1 MPa: and. in the case of the syntheses by the convenilcnal route, at a temperature 
higher than 200 • C and lower lhan 350 ' C, and under higher pressure than 1 MPa 
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7. Process for Racher^Tropsch (F-T) syntheses from symbol gee. consisting in causing the synthesis 
gas obtained by moans of the process according to on© of claim* from ! to 5, after the preliminary 
possible separation of formed formaldehyde, to rwd, by mean* of a stable catalyst, by opomOno at a 

temperature higher (ten 200 and lower than 400 • C end under a higher pressure than 1 MPa, 

e. Process for the synthesis of methanoHtimethyl einer nurtures from synthesis gas, consisting In causing 
the mixture of synthesis gas and methane, obtained by means of the process as claimed in one of 
Claims from 1 to 5 , after the preliminary possible separation of formed formaldehyde, to react in the 
presence of catalysts capable of producing methanol and of converting the so produced methanol into 
dimethyl ether, by operating at a temperature nigher man 150 -C and tower than 400' C and under a 
pressuro higher than 0.1 MPa and lower than 10 MPs. 
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